tion of the tissue in concentrated nitric acid is the only preparative step required. Copper content is then determined by comparison with standards, by using the carbon rod atomizer previously described. Sample volumes of less than 2 d are used for each measurement. The method gives results that compare well with both colorimetric and flame atomic absorption methods, and also with neutron activation analysis, and appears to be applicable to the analysis of other metals in tissue. The present paper describes a simple method for measuring copper in small tissue samples with the
Additional Keyphrases inter-method

CRA.
The method is very rapid, may be used with samples of less than 1 mg, and is relatively free from interferences. Blank. This is prepared as are the working standards above, but with copper omitted.
Material and Methods
Proced ure
Preparation of "macro" samples (e.g., autopsy material). Before the sample is applied, the rod is purified by making two or three firings until no peak is shown on the recorder.
The
Samples and standards are applied directly from the side by holding the pipet at right angles to the long axis of the rod and with the tip just inside the cavity. Care should be taken not to press the tip heavily against the inside walls. One sample application follows another as soon as the carbon rod head is cool enough to touch. A set of standards is followed by the "unknowns,"
with a check standard at suitable intervals.
The analysis should be finished with a further set of standards.
The chart recordings for a typical analytical run is shown in Figure 1 . Application of unknown samples is made at least in triplicate, as, rarely, an erratic result will occur (e.g., peak 7 in Figure 1 ) caused by random contamination or pipet variation. Results are obtained by plotting a calibration curve (that for Figure 1 is shown in Figure 2) , and calculating the copper content of the unknowns as micrograms per gram dry weight of sample. 
Results
Thirty samples of liver, kidney, and brain were obtained from children of various ages at autopsy. These samples were dried to constant weight and powdered as finely as possible with an agate mortar and pestle. The samples were then divided into three portions, and copper content determined by the CRA method, by wet ashing and colorimetry as described by Beale and Croft (1), and by a flame atomic absorption method modified from Cheek et a!. (13) . For the latter method, the samples were weighed into silica crucibles, ashed in a muffle furnace, and then dissolved in 0.1 molar HC1 and compared with standards by using flame atomic absorption.
The results of these assays are presented in Table  1 , which also includes two results obtained by neutron activation analysis. 
20), (c) repeated standards (21-25).
Peak 7 was disregarded 
Non-Atomic Contribution to the Copper Peak
A deuterium lamp hardly distinguishes nonatomic absorption at 324.7 nm, owing to weak output from the lamp at longer wavelengths.
However, the nearby line at 328.1 mm, emitted by silver, may be used for this purpose, because this element may usually be assumed to be in negligible concentration in the samples. Use of a silver lamp with the monochromator peaked at 328.1 nm gave the same nonatomic signals as a copper lamp during the drying and ashing cycles, but no peak was found at the atomization stage. Therefore no correction for nonatomic absorption is required.
Matrix Interference
The major inorganic ions present in liver, kidney, and brain are Na+, K+, C1, PO4-, and SO42_ (15). The anions were added (in the form of the acids) to nitric acid digests in concentrations up to threefold greater than those reported in tissue. When added in equal amounts to solutions of copper in nitric acid, the combined suppressive effect of these salts was as shown in Figure 3 .
Ca2+ and Mg2+ produced no effect on the signal when added in concentrations up to several times greater than physiological.
From these observations, a convenient "average" matrix was devised, consisting, per liter, of 2.0 g of sodium chloride and 2.0 g of potassium dihydrogen phosphate, added as indicated in the preparation of the copper standards.
Discussion
It will be noted at once that a source of error exists in the technique of sample preparation., in that no allowance is made for volume expansion on the addition of acid to the dry tissue. In a series of experiments in which density changes were accurately measured, this error was found to amount to 9-11%, and for highest accuracy this factor should be applied in the calculations (i.e., volume of solution = volume of acid )< 10/9). The error diminishes in cases where further dilution of the sample is made, or where the usual acid-to-sample ratio is increased.
Another possible cause of discrepancy between the different methods shown in Table 1 
